INTRODUCTION
Foreign body aspiration (FBA) in the paediatric age group is not only associated with considerable morbidity and mortality but also psychological distress for both the children as well as the parents. Early diagnosis and prompt management of FBA are imperative to prevent long-term complications. Due to paucity of data on the anaesthetic management of children with tracheo-bronchial FBA from the Indian subcontinent; we decided to study children presenting with FBA to our institute from January, 2002 to December, 2011. Unlike previous studies from India, we compared the peri interventional morbidity and mortality in the early and late diagnosis groups in this patient population.
PATIENTS AND METHODS
This retrospective study was conducted at a tertiary referral centre in northern India, with paediatric surgeons experienced in performing bronchoscopic procedures. Informed patient consent was waived off by the Institutional Review Board and the Ethics Committee as this was a retrospective audit. The study included all patients below the age of 18 years undergoing bronchoscopy for suspected FBA between January 1, 2002 and December 31, 2011. Patients with incomplete records were excluded from the study. Anaesthesia for the bronchoscopic procedures was provided by consultant anaesthesiologists, along with anaesthesia trainees and technicians.
The medical records of the patients were analysed to record patient characteristics including: Name, hospital Departments of Anaesthesiology, Christian Medical College, Vellore and 1 Anaesthesiology and Critical Care, Christian Medical College and Hospital, Ludhiana -161 008, Punjab, India identification number, age, gender, weight, date of hospital admission, and discharge. The children were divided into early and late diagnosis groups depending on whether they presented to the hospital within 24 h of FBA or later. The clinical findings on admission were noted including presence of fever, dyspnoea, cyanosis, stridor, and wheezing episodes. History of atopy, bronchial asthma, history of a witnessed episode of choking, vomiting, and suspected duration of FB retention was recorded. All bronchoscopies were performed under general anaesthesia using a rigid bronchoscope (Karl Storz) of calibre 2.5, 3.5, 5, depending on the age of the children. Data pertaining to the anaesthetic management including duration of preoperative fasting, administration of antisialagogue pre medication and steroids, technique and course of anaesthetic induction, maintenance of anaesthesia including use of neuromuscular blocking drugs, inhalational agents and duration of rigid bronchoscopy, type and location of FB were also noted.
Peri-operative adverse events such as arterial desaturation (SpO 2 <90%), bronchospasm, laryngospasm, and laryngeal oedema were noted. Other complications including episodes of bradycardia (heart rate <60/min), cardiac arrest, pneumothorax, postextubation stridor, need for re-intubation, and referral to paediatric intensive care unit for postoperative mechanical ventilation were also recorded.
Quantitative variables are presented as mean ± standard deviation qualitative data are expressed as a percentage of total patient number. Data were analysed using the Student's t-test, Chi-square, and Fisher's exact tests where appropriate. P < 0.05 was considered as statistically significant.
RESULTS
A total of 140 children with an average age of 1-year and 8 months underwent bronchoscopy at our hospital during the study period. The ratio of males to females was 3:1. Majority of children presented in the late diagnosis group (59.29% vs. 40.71%). Figures 1 and 2 display the distribution of patients according to age and the time of presentation to the hospital, respectively. History of a choking episode was reported in 22% of patients. The average duration of FB retention was 5 ± 7.77 days. The triad of choking episode, vigorous coughing with vomiting (the penetration syndrome) was observed in 22% of patients. Table 1 presents the clinical features observed in the early and late diagnosis groups. A significantly higher number of children in the early diagnosis group presented with cough (P = 0.0001) and history of choking (P = 0.0022) while crepitations (P = 0.0011) were more frequent in the late diagnosis group. African Journal of Paediatric Surgery patients (71.42%) had an adequate duration of fasting in the preoperative period. Figure 3 depicts the site of FBs observed. Majority of patients had aspirated an organic FB; with peanuts being the most common (49.28%); while whistle parts were the most common inorganic FB. 
DISCUSSION
Foreign body aspiration has been reported to be a leading cause of morbidity and mortality in the paediatric age group. [1, 2] Sheriff et al. reported 8.3% injuries in children due to foreign bodies from tertiary care centre in India. [3] Goren et al. studied the mortality in children in relation to FBA and reported that 36.4% of the victims were dead on arrival, 50% on intervention, and 13.6% after complications due to delayed hypoxia. [4] We studied and compared the morbidity and mortality in the early and late diagnosis groups of paediatric FBA presenting to our hospital.
Children below the age of 3 years are recognized as a high risk group for FBA; [5, 6] as corroborated by our data and other studies. [7] [8] [9] The reasons cited for this include the tendency of toddlers to explore objects by putting them in their mouths, incomplete dentition, in co-ordinated swallowing, easy distractibility during eating and also lack of constant parental supervision due to increased mobility. [10] Male predominance in our patient population is expected from a centre in Northern India where gender bias is prevalent, and the sick male child is given prompt attention, while the female child may be neglected; as reported by other Indian studies. [7] [8] [9] Male preponderance is also reported in the literature with boys accounting for 61% (confidence interval [CI]; 59-63%) of children with FBA according to a systematic review on FBA [6] except in two studies from Turkey. [11, 12] Figure 3: Sites of foreign body observed in the study Majority of children in our study aspirated organic foreign bodies; with peanuts being the most common; as reported by earlier Indian studies. [7, 9] Peanuts are relatively cheap and freely available during the festive season in our part of the country, which is probably the reason for them being the most common aspirated FB in our series. Previous review article has reported that most (81%, CI: 77-86%) of the aspirated foreign bodies are organic materials, including nuts (especially peanuts) and seeds (mainly sunflower and watermelon). [6] In contrast to these findings, an Italian series found teeth [13] and two Turkish studies found headscarf pins as the most commonly aspirated objects. [11, 12] According to the available literature, the history of a witnessed choking episode is highly suggestive of acute aspiration. [14] [15] [16] In our study, the history of choking episode was forthcoming in 22% of all patients. The history of choking episode was elicited significantly more frequently in the early diagnosis group than in the late diagnosis group. Previous investigators have also noticed that witnessing of choking episode was the most important historical event to pinpoint an early diagnosis of FBA in children. [15, 17] Unlike our results, Wiseman reported a higher percentage of history of witnessed choking in 80% of patients. [18] The reasons for this difference may be that the reliability of clinical history may be low in the developing countries and will vary with the educational status of the parents. This is corroborated by a study by Singh et al. who found abysmally low level of awareness in 63 primary caregivers about FBA in children. [19] Furthermore, not all parents or caregivers may witness or remember the choking episode. The history of choking episode may not be revealed by the children due to fear, embarrassment or limited speech in case of younger children. [20] The clinical features of FBA are myriad and variable and depend on the stage at which the patient is seen, the nature of the FB, its size and site and its effects on the lung distal to it. The clinical features range from complete airway obstruction; to no symptoms or signs at the two ends of the clinical spectrum. In our study, the most common symptoms and signs were cough, breathlessness, history of noisy breathing, and decreased breath sounds (unilateral); similar to Indian [8, 9] and western studies. [1, 2, 12, 15] Signs and symptoms typical in delayed presentations include unilateral decreased breath sounds and ronchi, persistent cough or wheezing, recurrent or nonresolving pneumonia, or rarely, pneumothorax. [6] Our data showed significantly higher number of children in the late diagnosis group presenting with crepitations indicative of infective pathology.
In our series, most of the patients presented to the hospital after 24 h of FBA. Previous studies have reported 23% [2] to 69% [21] of patients presenting in the late diagnosis group. The interval of time between beginning of symptoms and correct diagnosis was studied by Wiseman who, reported that 46% of children studied were diagnosed within 24 h following the onset of symptoms, 54% were diagnosed at the end of the 1 st week, 24% at the end of the 1 st month, and the remaining 16% after 1 month (up to 6 years). [18] Karakoc et al. studied the phenomenon of delayed diagnosis in a 7-year period, and a median symptomatic period of 3 months was reported. [22] Various reasons for delayed diagnosis of FBA in children include misleading and variable clinical history and findings, misdiagnosis by clinicians, parental delay in seeking treatment. Children with FBA are frequently misdiagnosed as recurrent pneumonia, croup, bronchial asthma, intermittent tracheobronchitis, or reactive airway disease. Longstanding and undiagnosed FB can lead to complications including asphyxia, subglottic oedema, pneumonia, bronchiectasis, atelectasis, bronchoesophageal fistula, and pneumothorax.
Various anaesthesia techniques have been used successfully for the management of bronchoscopy during FB extraction, including inhalational induction [23, 24] and TIVA techniques. [13, 25, 26] There is no consensus on the use of spontaneous or controlled ventilation during anaesthesia for bronchoscopies. In our study, the bronchoscopies were performed under general anaesthesia with inhalational induction and controlled ventilation in all children. Most of the children received halothane as sevoflurane was unavailable at our centre before 2005.
Consistent with most of the previous reports; [1, 8, 9, 18] foreign bodies were located predominantly in the right bronchial tree in our series. An exception to this rule is a series by Vane et al. [27] who found 53.4% of foreign bodies in the left lung. The complications observed in our patients were similar to those in previous reports on paediatric bronchoscopy for FB retrieval. Minor complications included arterial desaturation, bradycardia, bronchospasm, and laryngospasm. Major complications included cardiac arrest, pneumothorax, and laryngeal oedema. All three patients who had cardiac arrest were in the early diagnosis group. The instance of re-intubation was significantly more in the acute diagnosis group when compared to the late diagnosis group. The mortality rate in our study (0.7%) is comparable with previous reported mortality rates. [14] Fidowski et al. reviewed 10,236 children with FBA and reported a death rate of 0.42% with major iatrogenic complications in 0.96% of children; including severe laryngeal oedema or bronchospasm requiring tracheotomy or re-intubation, pneumothorax, pneumomediastinum, cardiac arrest, tracheal or bronchial laceration, and hypoxic brain damage. [6] Studies from the Indian population on FBs in the tracheo-bronchial tree have reported complication and mortality rates of 10% and 2%, respectively; with bronchospasm (8%) and subglottic oedema (2%) as the most common complications. [9] In earlier studies, history of previous bronchoscopy, duration of the procedure, and the type of FB have been identified as variables that reliably predict the occurrence of complications. [28] It is generally accepted that the longer the FB stays in the tracheo-bronchial tree, the more frequently complications occur. [9, 11] The need for thoracotomy or tracheotomy is a complication of FBA itself or a complication of bronchoscopy. In our study, one child each required a second bronchoscopy and thoracotomy. Earlier reports have observed rates of thoracotomy and tracheotomy to be between 0% and 6% and 0% and 2.8%, respectively. [29] Repeated bronchoscopic examination may be essential for 1-3% of patients, particularly if the FB is a peanut or other friable material that can easily break down. [30] Previous studies have reported lengthy procedures (>80 min), related to delayed or missed foreign bodies complicated by the presence of granulations and purulence and repeat procedures due to lack of technical experience in removing airway FB. [2] In another Asian study, 5.3% of 469 patients, in whom bronchoscopy was unsuccessful, were transferred to an adjacent chest hospital for thoracotomy. [31] In contrast to these studies, Kiyan et al. reported no requirement of thoracotomy or tracheotomy and no mortality in their study. [16] Although children in the late diagnosis group, in our study, had a longer duration of hospital stay, the difference was comparable statistically among the groups. The average duration of hospital stay in our series is comparable to data from Germany [32] and Hong Kong. [17] Data from Asian population report that 86.6% of the patients were hospitalized less than 2 days, and longer stays were secondary to complications either from FBA or procedures for FB removal. [2] In contrast to these, Tomaske et al., reported early hospital discharge between 2 and 4 h after rigid bronchoscopy in 65.2% children; but significantly longer median post interventional stay in the "subacute" group than in the "acute" group. [29] Predictive factors of prolonged pulmonary recovery including evidence of inflammation on preoperative radiographs, aggravation of pulmonary lesions on postoperative films, and prolonged duration of bronchoscopy may prevent early discharge. [6] Ciftci et al. found bronchoscopy time (57 ± 2.9 min vs. 23 ± 1.2 min) to be prolonged in children with postoperative complications in comparison with those without complications. [14] The strength of our study is that we have studied the interventional morbidity and mortality resulting from rigid bronchoscopy. Multiple studies from India have reported data regarding FB types, but there is limited discussion on management strategies and complications. The limitations of our study are that it is a retrospective audit, and the complications may be under reported. We did not study the radiological findings, the misdiagnoses or the reasons for delayed admissions in this population. Although we did look into the duration of hospital admission, the complications were not categorized as pneumonia, bronchiectasis etc., and long-term follow-up after hospital discharge was not reviewed.
CONCLUSION
Foreign body aspiration in children causes considerable morbidity and mortality and is missed and misdiagnosed frequently. Large scale, ongoing, educational programs for primary caregivers and physicians are required to increase awareness of the types of foods and objects that pose a choking risk for children; to enable them to recognize FBA in children and to treat choking in children. Proper public education and ongoing training and legislations enforcing mandatory labelling of toys and food items that constitute a choking hazard, can have a significant impact on the incidence of FBA. [33, 34] 
